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Abstract

Eukaryotic Elongation Factor One Alpha (eEFIA) is an abundant protein found in every
cell of every organism and is involved in functions concerning protein synthesis and degradation,

the cytoskeleton, and signaling. How these functions are regulated is not yet understood for this
protein. Regulation of the protein may be controlled by transcription of the genes encoding the
protein or the stability and modification of the protein. The goal of this project was to determine
the stability of eEFIA proteins in Arabidopsis thaliana. Protein stability was determined by

treating tissues with cycloheximide, an inhibitor of protein synthesis. Gel electrophoresis and
western blot analysis was used to visualize a decrease in protein concentration and calculate the
protein half-life in the cell.
Introduction

Eukaryotic Elongation factor One Alpha (eEFIA) or EF-Tu in prokaryotes is an

important small family of proteins found in every cell of every organism on Earth. eEFIA is
approximately 450 kD and contains three structural domains, the first being 200 amino acids and
domains 2 and 3 being 100 amino acids(Ejiri 2002). eEFIA is involved in many functions in the
cell including: protein synthesis (Andersen, Nissen et al. 2003), viral protein replication (Zeenko,
Ryabova et al. 2002; Matsuda and Dreher 2004) binding and bundling actin filaments (Demma,
Warren et al. 1990; Yang, Demma et al. 1990) and microtubules (Durso and Cyr 1994) of the

cytoskeleton, activating phosphatidylinositol 4-kinase (Yang, Burkhart et al. 1993), binding
calmodulin (Kaur and Ruben 1994), degrading N-acylated protein (Gonen, Smith et al. 1994;
Gonen, Dickman et al. 1996), and interacting with Zprl transcription factor (Gangwani, Mikrut

et al. 1998). This family of proteins is also involved in determining longevity and programmed

cell death, apoptosis (Kinzy and Goldman 2000).. All of these functions are located in different

Jennifer Watry
Western Michigan University Honors Thesis

areas of the cell and it is observed that eEFIA protein fractionates to soluble and microsomal
membrane associated protein components (Ransom, Lao et al. 1998).

eEFIA protein is transcribed from a family of two or more genes varying by species.

Each gene contains two introns and two exons that are transcribed into RNA and processed for
translation on cytosolic ribosome complexes to produce functionally active proteins. In addition,
eEFIA proteins can be posttranslationally modified by methylation (Hiatt, Garcia et al. 1982),
phosphorylation (Yang, Burkhart et al. 1993; Yang and Boss 1994) and the attachment of PGE
(Rosenberry, Krall et al. 1989; Whiteheart, Shenbagamurthi et al. 1989; Ransom, Lao et al.
1998). Phosphorylation is the only posttranslational modification that has been determined to
have an effect on the function of the protein.

There are still questions concerning how eEFIA is able to perform all of these activities.

The way in which the protein is regulated can give great insight to how it is involved in a large
number of tasks. One aspect of looking at regulation is through stability. Protein stability is how
long the protein remains in the cell before it begins to naturally degrade. Cycloheximide was
used for treatment of our plant material because it is an antibiotic that is known to inhibit the
translation of proteins (Constantine-Paton, Martha Ph., 2000).

It prevents translation by

inhibiting the movement of the tDNA from the A site to the P site of the ribosome, which

prevents amino acids to be added to the chain and produce a protein.

When translation is

stopped, no more protein is able to be produced and we are able to observe the amount of protein
remaining in the leaf material to determine its stability through statistical and quantitative
analysis.

Arabidopsis is an excellent plant to use in the laboratory as a model system. It is a small

plant that quickly produces a large number of seeds, producing a large amount of progeny in a
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short period of time. Arabidopsis is closely related to a great number of plant species and has
been completely sequenced. Arabidopsis thaliana var. Columbia has four eEFIA genes that
encode for identical proteins (Axelos, Bardet et al. 1989).

The purpose of this study is to determine the stability of eEFIA protein. Three to four
week old Arabidopsis thaliana leaves were treated with water or lOOmM cycloheximide for

varying time points. The amount of eEFIA protein was quantified for each treatment and time
point. We compared the changes in the amounts of eEFIA protein obtained between the water
and cycloheximide treated samples. The cycloheximide treatment generally appeared to show
less intense bands than the distilled water treatments in the western blot analysis, representing a

lower concentration of protein.

We observed a drastic change in the intensity of the

cycloheximide band around four and eight hour time points. Through our results, we can infer
that cycloheximide is inhibiting translation of eEFIA and it is a stable protein with a half-life
between three and five hours.
Methods

Plant Material:

Four week old Arabidopsis thaliana var. Columbia plants were used for

treatments. These plants were grown in a growth chamber using the following conditions: 12

hours light/dark (175 uEnfV1), 21°C, and, 75% relative humidity.
Cycloheximide Treatment: Leaf punches of 1 cm diameter were excised from four week old

plants (four to six plants) and floated in water. Six leaf discs were selected per treatment for
each time point.

The leaf discs were incubated in distilled water (control) or lOOmM

cycloheximide (treatment) (Vaughn 2001).
The leaf discs were harvested at the indicated time points (initially zero, four, eight,

twenty-four, and forty-eight hours and have been adjusted to zero, four, and eight hour time
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points), placed in sterile 15mL conical tubes and immediately frozen in liquid nitrogen. The

frozen plant material was stored in a -80°C freezer until all time pointshad been collected.
Tissue preparation:

Homogenation buffer (30mM Tris-HCl pH 7.2, 2mM EGTA, ImM

EDTA, ImM NaMolybdate, ImM PMSF, lOmM 2-mercaptoethanol; 5mls) was added to thawed

leaf discs kept on ice. The leaf discs in five mL of homogenation buffer were homogenized for
one minute with an Omni PCR Tissue Homogenizer and kept on ice. The extract from the

homogenation was poured into a labeled 50 mL plastic centrifuge tube and placed in a centrifuge
at 5,000 x g for ten minutes to remove the extra-cellular debris. One mL of each sample was
aliquoted and saved. The supernatant (leaf extract) was placed in the centrifuge at 49,000 x g for
one hour to separate soluble proteins from microsomal membrane associated proteins. The

supernatant was removed from the pellet and placed in separate labeled tubes and the pellet was
resuspended in 500 uL of homogenation buffer. The protein concentration for each sample was
determined using the Biorad protein assay.

SDS-PAGE: Samples of the soluble and microsomal fractions were added to 4X sample buffer,
boiled for 3 minutes and separated by 10% SDS-polyacrylamide gel electrophoresis. An equal

amount of protein, not volume, as determined by the protein assay, was loaded onto each well of
the gels. In past experiments, one well of each sample was loaded. In more recent experiments,
samples were loaded in triplets into the gel to produce more reliable data. The gels were either
visualized with Coomassie Blue stain or transferred to a nitrocellulose membrane for western

blot analysis.

Transfer: The gel was incubated for five minutes in transfer buffer before being placed in the
transfer module.

Different buffers were tested for the most complete transfer.

Buffer A

contained 50 mM Tris, 38 mM Glycine, 0.1% SDS and 20% Methanol. Buffer B contained 25
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mM Tris, 190 mM Glycine, and 20% Methanol. Buffer A was determined to produce the most
successful transfer and was used for all experiments following. The proteins in the gel were
transferred to nitrocellulose using a Hoeffer 62X electrotransfer unit. The transfer process took

place at 4°C overnight at 90 volts.
Western Blot Analysis: The membrane was blocked in 3% milk in PBS for one hour followed

by incubation with primary Anti-EFl A IgG antibody made to maize (1:5000) on a rotator at 4°C
overnight. Primary antibody selectively binds to the EF1A protein. The membrane was then
rinsed twice for five minutes in distilled water, incubated for thirty minutes in 3% milk in PBS
and incubated in secondary antibody-Anti IgG-HRP antibody (1:2500) for one hour.

The

secondary antibody selectively binds to the primary antibody.

Horseradish peroxide (HRP)

catalyzes the oxidation of substrates using hydrogen peroxide.

This produces a colored or

fluorescent product due to the interaction of the primary and secondary antibodies.

The

membrane was rinsed twice for ten minutes with distilled water, incubated for three minutes in

0.05% Tween 20 in PBS and rinsed very well (four times for four minutes each) with distilled
water.

The membrane was then incubated in Super Signal West Pico Chemiluminescent Substrate for

five minutes.

The substrate solution detected the fluorescent and produced a precipitate or

signal. The membrane was wrapped in clear plastic wrap to avoid contamination or disfigured
pictures to be developed, placed in an x-ray cassette and taken to the dark room. The signal was
detected using autoradiography. To perform autoradiography, a piece of film was placed on top
of the membrane in an x-ray cassette and allowed to be exposed for a specified amount of time.

Fixer and developer solutions (rinsing the film between each solution) were then used to develop
the film to view the results of the exposure and essentially, the western blot.
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Signal Intensity Analysis: Each developed film was photographed and analyzed using normal
photography mode on a Kodak EDAS 290 and analyzed using KODAK ID Image Analysis
Software to assess the intensity of each signal given from the protein. The manual Region of

Interest (ROI) tool was used to select the bands where EFIA had been detected.

A

square/rectangle shape was used to create a box around each signal and each box was given a
number. Once all of the boxes were made, the program produced a table of intensities. The

mean intensity, which is the average intensity of pixels within each ROI, was the information
that was used to quantify data. Films containing zero to twenty-four hour time points had one
lane of each sample, so the mean intensity of that single lane was used in comparison. Film
containing time points zero to eight hour time points contained three wells of each sample so the
mean intensity of each of the three wells of each sample were averaged together. The average

mean intensity of distilled water treatments were used to analyze the average mean intensity of
the cycloheximide treatments and obtain a percent decrease or increase in protein.
Results

To determine if the primary antibody, Anti-EFl A clone, CBP-KK1, recognized

Arabidopsis, purified Histag EFIA and non-stimulated cell A431 cell lysate were run in a 10%
SDS-Page gel.

The protein from the gel was transferred and a western blot analysis was

performed. Signals were obtained from EFIA samples and so it was determined that the primary
antibody was detecting Elongation Factor One Alpha. Different amounts of plant material were
run on SDS-PAGE gel and transferred using two different transfer buffers.

Through this

experiment, many observations were made. First, the greatest amount of plant material provided
the strongest signal after western blot analysis was performed. Second, buffer A produced the
most complete transfer of protein from the gel to the membrane.

Third, a question of the
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specificity of the primary antibody arose due to a great deal of background and proteins of
multiple weights being identified. Maize-EFIA primary antibody was made available by Dr.
Brian Larkins of the University of Arizona and this was found to be more specific in identifying
our 50 kD protein.

Experiments were done to determine the optimal concentration and composition of

secondary antibody.

All aspects of the original experiment were kept the same including

primary antibody type and concentration and buffer type. Concentrations of 1:2000, 1:20000

and 1:60000 all in PBS and 3% milk were compared and determined that 1:2000 gave the best
results. Later, composition was investigated by comparing 1:2500 with 3% milk and without 3%
milk. The signal was strongest at a concentration of 1:2500 in PBS without 3% milk.

To determine the stability of eEFIA protein, Arabidopsis thaliana leaf discs were treated
with lOOmM cycloheximide or water for zero, one, two, and four hours.

The soluble and

membrane associated proteins were obtained from the leaf material and separated by SDS-PAGE
loading equal total protein for each sample.

The SDS-polyacrylamide gel was stained with

Coomassie Blue stain to visualize the proteins. Figure 1 shows the proteins present in the
soluble protein fraction of the samples. eEFIA has a molecular weight of about 50 kD and is
denoted by an arrow in the figure. An equivalent amount of eEFIA protein is observed in all

samples at all time points. In Figure 2 the membrane associated proteins are stained. Again, an
arrow denotes the 50 kD protein region of the gel and no detectable differences were noted in

protein quantity between samples.

Many proteins also share the same molecular weight as

eEFIA and would colocalize on the SDS-polyacrylamide gel masking any changes we hope to
observe between our treatments. Therefore we performed a second experiment extending the
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treatment time and using western blot analysis to specifically detect changes in eEFIA separated
from other 50 kD proteins in the soluble and membrane fractions.

The experiment was repeated using zero, four, eight, and twenty-four hour time points.
Equal amounts of protein were loaded in to SDS-PAGE gels for each sample. The gels were
then transformed to a nitrocellulose membrane and a western blot analysis was performed. The

eEFIA protein was detected using a polyclonal maize eEFIA primary antibody at a molecular
weight of 50 kD and is indicated in figures 3 and 4 by an arrow. We can be confident that we are

detecting eEFIA due to using primary antibody made to maize that selectively binds to the

protein. Figure 3 shows the results obtained from soluble protein samples. There is a decreasing
amount of protein, represented by band intensity, throughout the membrane and within each time
point.

Quantitative analysis was performed and the percent decrease or increase of water

treatment to cycloheximide treatment was determined. There was a decrease identified in each

treatment. Zero hour had a 28.98% decrease of intensity from water to cycloheximide, four hour

had a decrease of 23.50%, eight hour had a 7.88% decrease and twenty-four hour had a 11.95%
decrease. An inconsistent rate of decrease was observed across the gel. We can see that there is
a large decrease in protein detected with the cycloheximide treatment at four hours to almost

none. Through the eight hour and twenty-four hour time points, we notice the signal of the
protein of the cycloheximide treatment is stronger.

Figure 4 shows the results obtained of

microsomal membrane associated protein samples. We observed a general decrease across the
membrane and within each sample, with the exception of zero hour. Quantitative analysis was
also performed to obtain percent decrease or increase values for each time point.

Zero hour

actually had a percent increase of 28.22% from water to cycloheximide, four hour had a percent
decrease of 40.41%, eight hour had a decrease of 33.35%, and twenty-four hour had a decrease
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of 24.22%. The values obtained for the microsomal fractions seem to be declining at a more
consistent rate. The largest difference in protein detection of the cycloheximide treatment seems
to be between zero hour and four hour.

The experiment was repeated again using zero, four and eight hour time points.
Triplicates of equal amounts of protein of each sample were loaded in to SDS-PAGE gels. The

gels were then transferred to a nitrocellulose membrane and a western blot analysis was
performed. eEFIA is indicated by an arrow in figure 5. The same antibody made to maize that
was used in the previous experiment was also used, which allowed us to be confident that we
were detecting eEFIA. Figure 5 shows the results obtained from microsomal protein samples.
Soluble protein samples were not used during this experiment due to a lack of signal in previous
experiments. There is a sharp decrease between zero and four hour and an increase at eight hour
in the cycloheximide treatment. Quantitative analysis was performed using KODAK ID Image
Analysis Software. The mean intensity of the three signals per treatment were averaged together,
then the average mean intensities of water were averaged together to use in comparison with the
cycloheximide data. The average mean intensity of water from the entire experiment was 114.78

with a standard deviation of 5.34. The average mean intensity of cycloheximide was divided by
114.78 to determine the percent decrease or increase of intensity.

Zero hour had a percent

increase of 122.05% from water to cycloheximide, four hour had a percent decrease of 55.07%,
and eight hour had a percent increase of 104.11%. An inconsistent rate of decrease was observed
across the gel, however, we still observe a large decrease in protein of the cycloheximide
treatment at four hour compared to that of water. At the eight hour time point, we observe an
increase in intensity in the cycloheximide treatment.
Discussion
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Determination of protein stability using Coomassie stained SDS-PAGE.

No differences were seen between water and cycloheximide treated samples over the time
points in the soluble or microsomal fractions. A large amount of protein is observed at 50 kD
and this is where we would expect to see eEFIA visualized along with other proteins found in
the cell. The band intensities are consistent across the gel, which indicates that an equal amount
of protein was loaded into each well of the gels according to the results of a protein assay. Both
figures 1 and 2 show that no decrease in eEFIA protein was detected. This finding is due to the
fact that Coomassie Blue stains all proteins in each sample. Equal amount of protein was loaded

into the gel and that was detected and visualized through the stain. We believe that any changes
that were present were masked by the presence of other 50 kD proteins present in soluble and
membrane fractions. To detect changes in eEFIA protein in each fraction we switched from
Coomassie blue staining of the SDS-PAGE to western blot analysis.
Determination of eEFIA stability using Western Blot Analysis.

Through western blot analysis, we were able to select the detection of eEFIA protein by
using a primary antibody made to maize. The primary antibody selectively binds to eEFIA and

marks it to be detected by the secondary antibody and then visualized through development of
film.

Western blot analysis allowed us to observe the protein concentration and, therefore,

degradation. We observed a difference in band intensities between treatments and time points.

The band intensity represents the protein concentration, with the more intense band implying
more protein.

Figures 3 and 4 shows a general degradation of eEFIA protein across the

membrane and within each time point, with the largest decrease being between zero hour and

four hour. Figure 5 also shows a general degradation of eEFIA protein across the membrane,
however, there are variations within each time point and there is a drastic decrease between zero
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and four hour time points of cycloheximide leading to an increase from four to eight hour. The
reasons for the increase are unknown and require more investigation.

A reason for this

unexpected observation could have been an unequal amount of protein being added into
cycloheximide four hour wells. A miscalculation of information from the protein assay could
have caused an inadequate amount of protein to be loaded into the wells.

Another probable

cause could be that there was something occurring within the cell that induced an increase of

EFIA protein. This would require a great deal of investigation through future experiments.
Using the ROI program, we were able to produce a percent decrease or increase of
cycloheximide treatment compared to distilled water treatment for each time point. The values
that were used to determine the percent decrease or increase were the mean intensity values.

Figures 3, 4, and 5 show a natural degradation of our protein through the water samples. This
degradation is due to the leaf discs being detached from the plant.

Comparing the water

treatments within each time point allowed us to compensate for the natural variation of the
eEFIA protein. Comparison of water to cycloheximide samples showed protein degradation that

occurred due to the inhibition of translation by cycloheximide. The band intensities of zero hour
time point should be similar between water and cycloheximide because there would not have
been enough time for cycloheximide to affect the translation process of the cells. This is not
observed in our results and could be due to inconsistent transfer of the proteins or incomplete
homogenation of the plant material. The difference could also be due to differences in eEFIA
protein concentration. When we loaded the gel with equal protein, we loaded equal total protein
but were unable to determine the concentration of eEFIA protein.
Future Direction:
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We have hypothesized that the approximate degradation time is between three and five
hours. Experiments should be run containing triplets of each time point per treatment. The
experiment should be run twice more containing time points of zero to eight hours to confirm
that more emphasis should be placed on the three to five hour time frame.

Once this is

confirmed through supportive data, the focus should be placed on three to five hour time points,
eventually decrease in the intervals from one hour to thirty minutes to fifteen minutes, and so on.
Conclusion

Through this experiment, we hoped to gain an understanding as to how eEFIA is

involved in so many activities of the cell. We attempted to answer the question of how by
looking at the stability, an aspect of regulation, of the protein. We can infer that cycloheximide
is inhibiting translation and eEFIA protein is stable between three and five hours. It is important
to know that cycloheximide is inhibiting translation so that our results can be appropriately
interpreted and we are sure that no additional protein is being made in the cell. This allowed us

to observe the stability of the protein. Understanding the stability of eEFIA protein is important
because there is no indication of how stable (relative to length of time) the protein is and this
information can give us an indication as to how it is involved in so many processes.
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Figure 1. No decrease in soluble eEFIA protein was detected with cycloheximide
treatment. Supernatant fractions were separated by 10% SDS-PAGE and stained with
Coomassie Blue. 80 ug of protein was loaded per well. The experiment was performed
twice. A representative gel is shown.
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Figure 2. No decrease in microsomal eEFIA protein was detected with cycloheximide
treatment. Microsomal fractions were separated by 10% SDS-PAGE and stained with
Coomassie Blue. 40 ug of protein was loaded per well. The experiment was performed
twice. A representative gel is shown.
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Figure 3. A decrease in microsomal eEFIA protein was detected with
cycloheximide treatment using western blot analysis. Supernatant
fractions were separated by 10% SDS-PAGE and transformed to
nitrocellulose for western blot analysis using maize anti-eEF1 A antibody.
80 ug of protein were loaded into each well. The experiment was run
twice. A representative film is shown.
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Figure 4. A decrease in soluble ebMA protein was detected with
cycloheximide treatment using western blot analysis. Microsomal fractions
were separated by 10% SDS-PAGE and transformed to nitrocellulose for
western blot analysis using maize anti-eEF1 A antibody. 40 ug of protein
were loaded into each well. The experiment was run twice. A
representative film is shown.
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Figure 5. A decrease in microsomal eEFIA protein was detected with
cycloheximide treatment using western blot analysis. Triplet samples of
microsomal fractions were separated by 10% SDS-PAGE and transformed
to nitrocellulose for western blot analysis using maize anti-eEF1 A antibody.
40 ug of protein were loaded into each well. The experiment was run
multiple times. A representative film is shown.
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